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Abstract 
The fast growing ubiquitous infrastructure technologies are capable of improving current 
urban management and infrastructure planning and development capabilities. These 
technological advancement urban infrastructure developments in the Republic of Korea 
have recently shifted from an old paradigm of conventional infrastructure to a new 
paradigm of intelligent infrastructure provision. This new paradigm, so called ubiquitous 
infrastructure, is a combination of urban infrastructures, information and communication 
technologies and digital networks. Ubiquitous infrastructure refers to an urban 
infrastructure system where any citizen can access any infrastructure and services via 
any electronic devices regardless of time and location. This paper introduces this new 
paradigm and new schemes for urban infrastructure planning and development in the 
Republic of Korea and discusses the potential positive effects of ubiquitous 
infrastructure on Korean cities to achieve sustainable urban development. 
 
Keywords: Korea, ubiquitous infrastructure, ubiquitous city, urban infrastructure, 
ubiquitous services, sustainable urban development, urban technologies, information and 
communication technology. 
 
INTRODUCTION  
Socio-economic changes in the information era immensely impact on our societies, 
lifestyles, built and natural environments and urban amenities (Yigitcanlar et al. 2008a). 
Particularly globalisation and the rise of the knowledge economy along with increasing 
environmental concerns are leading urban policy makers to look for alternatives in urban 
infrastructure and service provision. Additionally, rapid technology development in the 
area of digital network and telecommunications has a significant effect on contemporary 
urban infrastructure planning. Ever since Mitchell (1999) envisaged the ‘E-topia’ at the 
end of the 20th Century, describing the kinds of changes he anticipates will take place in 
urban spaces as a consequence of the digital revolution, urban digital networks have been 
developed as one of the most important urban infrastructures. For instance, technological 
advances and the benefits resulting from the use of these technologies in urban planning 
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resulted in the emergence of new forms of urban infrastructure such as driverless 
transport systems, smart cards and intelligent traffic control systems (Cohen & Nijkamp 
2002). In the Republic of Korea and Japan, policy-makers and planners have developed 
and applied ‘ubiquitous computing systems’ in urban infrastructure planning and 
development. This new ‘ubiquitous urban infrastructure’ (U-infrastructure) provides 
everyone with an opportunity to access to urban services using any information 
technology devices, regardless of time and location (Lee 2005a).  
 
U-infrastructure is a key component of ‘ubiquitous’ city development and has a 
significant effect on the emergence of a new paradigm for urban infrastructure planning 
and development that is ecologically sustainable and democratic in nature. Ubiquitous 
cities, or U-cities, are defined as places where public and private services can be 
delivered and received anywhere and anytime (Kim 2008). Formation of these high-tech 
cities has not yet been considered widely around the world by policy makers and urban 
planners (Yigitcanlar 2006), perhaps because the idea of ubiquitous computing was so 
far only limited to the design or improvement of smart buildings, as in the cases of 
Singapore and Hong Kong. As discussed in this paper, however, the process in Korea, 
and also Japan (Bessho et al. 2008), reveals that it is possible to develop cities of the 
future by developing U-infrastructures that are smart and eco-friendly.  
 
The following sections of the paper discuss major issues of ubiquitous urban service 
provision, urban planning, urban land use, and infrastructure developments, particularly 
in Korean cities. Using Korean experience, the paper discusses a new form of urban 
infrastructure and system driven by the concept of U-infrastructure. The paper then 
concludes with recommendations for policymakers and urban and infrastructure planners 
of elsewhere who are interested in adopting U-infrastructure systems. 
 
UBIQUITOUS URBAN INFRASTRUCTURE 
Information and communication technologies (ICTs) play an increasingly important role 
in the planning, management and use of urban physical infrastructure in the areas of 
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transport systems, power supply, sewerage and waste treatment and water supply and 
management. The Republic of Korea, followed by Japan, is a world leader in the use of 
ICTs in urban infrastructure planning and management (Cohen-Blankshtain 2004). Over 
the last two decades, Korea has continuously developed local, regional and national 
strategies for knowledge-based and sustainable urban development by incorporating state 
of the art ICTs. The country’s U-Korea and U-city agendas aim to increase the use of 
ICTs in the development and management of urban space for prosperous and sustainable 
development. 
 
In the 21st Century, technological developments in the areas of remote sensing, 
geographic information systems and wireless communications have made huge strides as 
a result of tremendous changes in mobile networks – mobile phones, vehicle navigation, 
smart cards and personal tracking systems. In particular, mobile phones have become 
intelligent devices, used not for only inter-personal communication but also to access 
information and services provided via the internet (Lee 1999). These wireless and 
advanced technologies provide opportunities for a person to communicate not only with 
other people but also with any product or service elements of the existing urban 
infrastructure, notably transport, water supply, public parks and route directions if the 
objects contain sensors, processors and software. These physical infrastructure items and 
mobile objects, such as cars on the road, oil running through a pipeline and electricity 
flows in a power supply line, can be self-monitored, controlled and protected by digital 
networks (Lee et al. 2008b). 
 
U-infrastructure uses sensors and sensor networks to continually communicate with wired 
and/or wireless computer devices embedded in personal devices (mobile phones, personal 
digital devices), buildings, infrastructure, and any feature or object of the urban space. 
This allows ubiquitous communication of person-to-person, person-to-object, and object-
to-object even though computers or devices are invisible to users. U-infrastructure 
improves the effectiveness of urban infrastructure planning, management and use in 
many ways. U-infrastructure also contributes to the creation of an environmentally 
friendly, sustainable and smart city by making ubiquitous computing available for the 
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public, allowing them to report environmental hazards immediately to the environmental 
protection agency, for instance, and leads to a significant shift to a new paradigm of 
urban infrastructure planning and provision in Korea and potentially elsewhere (Lee et al. 
2008a). It can make the management of urban facilities more efficient and provision of 
services less expensive. For instance, people can access information without searching 
for information via the internet and objects share data with other objects without 
inputting data from people.  
 
Further, U-infrastructure also helps to realise U-democracy by encouraging citizens to 
participate in the decision-making processes (see Klosterman 2001) using personal 
devices such as mobile phones, personal digital devices (PDAs), and sometimes by 
automatic recognition via radio frequency identification or sensors. Policy experiment 
and simulations through U-Infrastructure also provide a fair and transparent participation 
opportunity for stakeholders. Using policy experiment and simulations, a policy maker 
can test various policy options and evaluate current policies according to the economic 
and market performance, which diminishes the challenges of policy and market failure 
(Lee 2004). Figure 1 below illustrates the basic framework and components of a U-
infrastructure, which are discussed in the next sections.  
 
Figure 1 about here 
 
Technologies of Ubiquitous Infrastructure  
ICT-based ubiquitous technologies are vital for the development of a U-infrastructure 
system that provides wide range of services to the public (Figure 1). ‘Telematics’, for 
instance, allows users to send, receive and store traffic information via 
telecommunication devices, so far mostly by using global positioning system technology 
integrated with computers and mobile communications technology. Transport telematics 
applications are able to do more than this such as contributing to safer, cleaner and more 
efficient transport by helping travellers, freight distributors and transport operators avoid 
delays, congestion and unnecessary trips – e.g. diverting traffic from overcrowded roads 
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to alternative modes. These functions cover rail, sea and inland waterways and can 
reduce accidents, increase productivity, gain extra capacity from existing infrastructure, 
encourage integrated transport reducing energy use, and pollution, which increases the 
quality of life within the cities. It can also provide savings of time and energy for 
individual drivers, reduce congestion for the city, and have long-term positive impacts on 
the built and natural environments (Lee et al. 2008b).  
 
A number of other technologies are also required for the successful development of U-
infrastructures. Wireless local area network (WLAN), wideband code division multiple 
access (WCDMA) and fibre to the home network (FTTH) are among the most 
sophisticated technologies. According to Lee at al. (2008a: 150-152), the most common 
technologies that are widely used in U-infrastructures include but not limited to the 
following: 
 Broadband Convergence Network (BcN) is the integrated next generation 
wired/wireless network for the convergence of voice, data, internet, 
telecommunications and broadcasting. BcN provides the backbone for ubiquitous 
computing services, and is designed to provide fast internet access, about 50 times 
faster than current conventional services.  
 High Speed Downlink Packet Access (HSDPA) and Wireless Broadband (WiBro) 
are the data access channels, which can transmit fast, easy and high quality large-
size multimedia items such as videos and music files.  
 Ubiquitous Sensor Network (USN) is the ubiquitous environment for 
communication among the small embedded devices with sensing capabilities. 
Small enough to guarantee the pervasiveness needed for U-infrastructure, sensor 
devices are associated with the development of networks that provide valuable 
information to be used in a great variety of sensor applications. USNs are 
numerous, easily accessible; often invisible computing devices; frequently mobile 
or embedded in the environment; connected to an increasingly ubiquitous network 
infrastructure; and composed of a wired core and wireless edges to get 
information through any devices anytime and anywhere.  
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 Radio Frequency Identification (RFID) is a sensing technology that automatically 
identifies people, animals, or objects using radio waves from small sensor 
devices, which are composed of RFID tags or transponders and RFID readers. All 
RFID tags contain an integrated circuit for storing and processing information, 
modulating and demodulating a radio frequency signal and perhaps other 
specialised functions and an antenna for receiving and transmitting the signals. 
 Context Awareness Computing Technology is used for to acquire and utilise 
information about the context of a device to provide services that are appropriate 
to the particular people, place, time, events, and so on. For example, a mobile 
phone will always vibrate and never ring in a concert hall, if the system knows the 
location of the mobile phone and the concert schedule. 
 Augmented Reality (AR) is a field of computer research which deals with the 
combination of real-world and computer generated data and can include the use of 
motion tracking data, fiducial marker recognition using machine vision, and the 
construction of controlled environments containing any number of sensors and 
actuators. 
 Geographic Information System (GIS) is widely used for scientific investigations, 
resource management, asset management, environmental impact assessment, 
urban planning, community health monitoring, cartography, criminology, 
marketing, and traffic planning, and is an integral part of U-infrastructure. 
 Global Positioning System (GPS) is a widely used system for navigation 
worldwide and a useful tool for map making, land surveying, commerce, and 
scientific uses. GPS also provides a precise time reference used in many 
applications including scientific study of earthquakes, and synchronisation of 
telecommunications networks.  
 
The use of these ICT tools has a significant impact on current urban infrastructure 
planning and urban reformation in Korea. For example, after a successful implementation 
of U-infrastructure pedestrians will travel less to meet their needs and cars will use less 
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energy by avoiding traffic congestion using the navigation and traffic control systems. 
Consumption behaviours are also likely to change as more people purchase goods and 
services via online ubiquitous services. The provision of U-infrastructure provides many 
advantages to society. The following section discusses the selected key areas of U-
infrastructure and its implications. 
 
Components of Ubiquitous Infrastructure  
U-infrastructure planning focuses on two key aspects of the provision of urban services. 
U-infrastructure provides an efficient infrastructure planning and delivery system that 
complies with the planning act and regulations and is relatively inexpensive, and it can 
maximise the effectiveness of infrastructure systems by providing transparent, adequate, 
and satisfactory services for the public. U-infrastructure, therefore, provides access to a 
variety of services through high-speed networks and advanced communication services 
for the public, ranging from U-life to U-business and U-government (see Figure 1), 
which are briefly discussed below. 
 
Firstly, U-life benefits from the U-infrastructure components that are affecting citizens’ 
daily life activities, U-transport enables citizens to access places, wherever and whenever, 
they want to go. The real-time and accurate information generated by U-infrastructure 
enable public transport systems to work efficiently, arrive on time and minimise the 
waiting period at public transport stops or stations. Also for those who are driving their 
own cars the LED display board lets them know which road to choose and provides them 
with the numbers and location of remaining parking lots in a parking area as wireless 
networks continually send latest information to the mobile devices installed in the car. 
Traffic information is updated constantly in accordance to any changes occurring within 
the U-city through the assistance of U-Infrastructure.  
 
Secondly, U-business makes use of U-infrastructure components that are supporting 
business activities of the citizens. U-transport helps business activities within the city. U-
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transport provides not only the efficient transport services in U-life but also helps develop 
essential logistic services (e.g. delivery of goods and services). Rapid, safe and cost-
saving transport service supported by U-technologies can raise the productivity and 
quality both in demand and supply sides. U-transport service and infrastructure can create 
opportunities for many new businesses with a high quality of service and utilities as a 
result of increasing demand from the public and firms. 
 
Thirdly, U-government, much like E-government, makes all vital governmental services 
available to the public. For example, again in the area of U-transport, until now, the 
Korean government has invested a significant portion of its budget on overcoming traffic 
congestion and pollution problems caused by the transport network. U-infrastructure such 
as bus and trains with RFID and sensors can both improve the proportion  of public 
transport use and alleviate the transport problems we are facing at present (Lee et al. 
2008a: 153). 
 
In Korea, U-infrastructure is used in transport, health emergency services, fire fighting, 
security, urban amenities, urban management and ICT portals to monitor environmental 
protection, water and power grids, and sewerage and waste treatment and so on. Some of 
the U-infrastructure services also provide an early warning system, for instance, 
meteorology service, earthquake data collection, and alarm and video monitoring 
services. Other U-infrastructure services focus on improving public heath care services, 
for example, by providing homecare and emergency calling services for families with 
young children, elderly and disable. Smart cards are not only used on public transport 
services but also in other public utilities, such as schools, post offices, hospitals and 
community centres. Any person who holds a smart card can pay a bus or taxi fare, or 
payment at post offices, public fitness centres, cinemas, and theatres and so on by just 
touching a sensor (Lee et al. 2008b). 
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Urban planners and policy makers in cities such as Singapore and Hong Kong, are now 
considering developing ubiquitous computing environments for people, buildings, urban 
infrastructures, so that people, objects, and places in cities can simultaneously 
communicate with each other. However, there are several obstacles and challenges for U-
infrastructure becoming a seamless infrastructure provision and management system 
(Pratchett 1999). These include how to finance the technology (as developing U-
infrastructure is quite costly), how to overcome current digital and knowledge divides 
(haves v. have nots), and how to ensure the openness of the political system needed for 
such a transparent system (democratic and uncorrupted).  
 
Keeping in mind of these challenges, U-infrastructure planning involves many tasks – 
forecasting and envisioning potential future societies, devising U-infrastructure services 
to meet society and citizens’ needs, building physical mobile and/or built infrastructure 
and environment for ubiquitous computing, planning U-infrastructure spatial structure 
and land use, and managing U-infrastructure and its planning process (Lee et al. 2008a). 
Since the objectives of U-infrastructure vary greatly according to the specific local 
characteristics and urban and societal problems that cities are facing, it is very important 
for cities to decide carefully the kind of U-infrastructure services they need, considering 
cost, technological availability, and the need and priorities of the public.  
 
Constructing U-infrastructure must be strategically planned, especially focussing on how 
to bring ICTs and physical urban environment together. Both mobile ubiquitous 
computing environment (MUCE – wearable computers or mobile phones) and built 
ubiquitous computing environment (BUCE – digital streets) including information on 
embedded urban infrastructure and space, are needed in order to establish a fully 
functioning U-infrastructure and hence a U-city. Previous technology stakeholders in 
Korea developed MUCE without considering the physical side of the urban setting so it 
was not as successful as it was hoped to be. Sensible implementation of BUCE includes 
developing U-infrastructure convergence technologies between ICTs and other 
components of urban infrastructure and BUCE development includes new urban 
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structures and land use planning such as planning and development of digital walls as 
central urban screens, ubiquitous digital streets, and ubiquitous open space and parks.  
 
UBIQUITOUS URBAN INFRASTRUCTURE PLANNING AND 
DEVELOPMENT IN KOREA 
During the last two decades, Korea has continuously developed national strategies for 
sustainable urban development through different ICT-based projects – i.e. Cyber Korea, 
E-Korea and U-Korea. The majority of people in Korea own and make use of a personal 
computer as a result of the Cyber Korea project in the late 1990s (Lee et al. 2008a). 
Rapid ICT development led to the development of the E-Korea project, which aims to 
make internet use widespread and build a high-speed internet network and a virtual city 
so that where some of the urban activities could take place in this cyber space as part of 
an urban information system. E-government and E-commerce were also among the major 
strategies of the E-Korea project. As a result of this project, and highly benefiting from 
the virtual space, urban planners in Korea are now able to inform and discuss with 
stakeholders and other interested bodies as well as the general public about the ongoing 
projects and planning schemes, and encourage them to participate in the local decision 
making processes (Yigitcanlar 2006). The subsequent U-Korea initiative, for the first 
time, turned the focus onto the integration of ICTs and the physical places in cities with 
an aim of making the virtual and actual cities converge (Ha 2003). In the first phase, the 
U-Korea initiative has built an extensive wireless urban infrastructure network in most of 
the metropolitan or large urban areas and focused on bringing together ICTs, knowledge 
and urban spaces to provide urban amenities to the public. Under the latest U-Korea 
initiative, the Korean government is now working towards to build U-cities by integrating 
U-infrastructure into physical urban places as an integral part of the national strategy of 
U-Korea. As a national urban development project, U-city emphasises the importance of 
U-infrastructures by highlighting the capacity of ICTs to inform better urban planning 
and management as well as making major contributions to ICT education, ICT 
equipments, software and contents and to assisting the construction and 
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telecommunication services industries and infrastructure planning and development (Lee 
et al. 2008b).  
 
The Korean government has played a significant role in developing various policies for 
the formation of U-infrastructure projects, and encouraged the development of U-
infrastructures in major cities via strong institutional and budgetary support. Several 
cities are currently actively planning their U-infrastructure. In Korea, 13 local 
governments have shown interest in developing U-infrastructures to become a U-city 
(Figure 2). These cities include Seoul and Inchon which have plans to introduce an 
intelligent transportation system, home networking, tele-medicine, natural disaster 
prevention and monitoring by providing a ubiquitous environment around the port area, 
convention and exhibition centres, and integrated transportation services. Another Korean 
city, Daejeon, also aims to build the fastest network infrastructures and digital walls for 
broadcasting commercial advertisements in public squares in the form of digital streets 
(Seoul Development Institute 2003). When the infrastructure is completed residents in 
Daejeon city will also receive an electronic identifier to allow them to access various 
ubiquitous services. Jeju city is also active and now focusing on tourism development by 
using U-services, including U-traffic, U-museum, U-park and U-coupon services. U-
traffic based on RFID technologies allows residents and visitors to access traffic 
information anytime and anywhere. U-museum will be built at the Jeju Stones and 
Culture Park in Northern Jeju (Lee et al. 2008a). The ubiquitous technologies used in this 
museum will include a system which electronically collects admission fees and wireless 
guidance devices as well as an effective management system for the administrative 
agency. 
 
Figure 2 about here 
 
Many other towns, cities and regions across Korea now are planning to use ubiquitous 
computing as a standard planning tool in development strategies. These are often 
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accompanied by the U-city projects, which aim at creating a sustainable city based on U-
infrastructure (Lee et al. 2008a). An example of this is the new Unjeong city that has 
been planned based on a public and private partnership. Most recently, Korean 
government and Korean Telecom are jointly investing over 90 million US dollars to 
finance such projects and build U-infrastructure using the latest ubiquitous techniques 
such as WLAN, WiBro, WCDMA, FTTH and BcN by the end of 2009 across the 
country. As one of the receiver of this funding, Unjeong city, develops several key 
objectives, which are quite different from those in the existing planning strategies of 
other Korean cities (Lee et al. 2008a). These objectives include extending ICT 
infrastructure to the neighbouring towns and cities to create a snowball effect of the 
expansion of the U-infrastructures and creating a knowledge spill-over effect by sharing 
ICT infrastructure. As such objectives are technologically specific to the particular urban 
infrastructure provision, different ICTs have a specific role in minimising chronic urban 
problems of the mega metropolitan cities (i.e. Seoul), such as traffic congestion, energy 
shortage, waste management, pollution and impacts of climate change. The Korean 
government heavily stresses not only sustainable development but also on new ICT 
development to become a partial panacea to some of the urban problems (e.g. pollution, 
congestion). 
 
Recent improvements in U-infrastructure technologies encourages city planners to use 
web applications, which provide a good opportunity to communicate with the public from 
distance, to see timely results according to instant input, and to get as many people 
involved as possible involved in decision making. An example for that would be having 
an online collaborative decision-making platform for the community to participate in the 
urban and/or transport planning processes. Additionally, conventional urban 
infrastructure planning spends a lot of time and resources when trialling a new policy, U-
infrastructure planning makes simulating and trialling much more easy and relatively 
affordable. 
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DISCUSSION AND CONCLUSION 
Ubiquitous urban infrastructure brings information and communication technologies into 
the real world to improve the quality of city living and achieve sustainable urban 
development. To support ubiquitous infrastructure development, the Korean government 
recently announced the largest ubiquitous technology development project in the world as 
one of the National Priority Agendas, and assigned considerable public funding for that 
project, which has the potential to revolutionise the ways in which cities are managed and 
their urban service and amenities are developed and delivered. On the one hand, 
ubiquitous infrastructures are going to become the lynchpin of sustainable urban 
development in the coming years; on the other, these human- and environmentally-
friendly technologies can empower the public to actively participate in the decision 
making process by accessing information and services anytime and anywhere. Arguably 
ubiquitous computing technologies could be harmful if misused (e.g. loss of 
confidentiality and privacy breech of personal tracking and security systems) so access 
limitations and protection walls are among the important security measures of the 
ubiquitous infrastructure system capacity, they may turn out to be the as yet invisible 
golden geese of the system. 
 
Ubiquitous urban infrastructure equips planners and developers with much flexible 
design and development options by providing mobile and built infrastructure to the public 
as the urban system is now becoming more dynamic and programmable (i.e. ubiquitous 
digital street). These programmable spaces in ubiquitous infrastructure provide 
experimental urban planning opportunities. Planners are also better equipped to 
encourage public participation in planning decisions in the use of programmable public 
spaces fuelled by the fast data acquisition, monitoring and experimental computer 
simulations (Lee 2004). Additionally, the integrated ubiquitous infrastructure network 
management centre plays a core role in collecting, inter-correlating, analysing and 
distributing real-time city information.  
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In a successful ubiquitous infrastructure, innovative changes in urban form and land use 
patterns are achieved through the planning and development of built ubiquitous 
computing environment. Ubiquitous infrastructure technologies create programmable 
spaces which are built as flexible and modular spaces that can be changed into other uses 
when needed. For example, walls of a building can be converted into digital advertising 
walls or digital picture walls. Finally, programmable land use planning can make lands 
and buildings more effectively satisfy user demands, by bringing new uses for a land use 
and programmable space can decrease the trip distance, and energy and land 
consumption, and the spread of this practice helps in sustainable development of urban 
regions. Ubiquitous infrastructure can provide information on urban utilities and real-
time monitoring of the environment while this real-time planning and management in 
turn can contribute to conservation of urban natural resources, urban growth management 
and sustainable urban development (Yigitcanlar et al. 2007; 2008c). In the past, mixed 
land uses or vertical villages could not reduce the transport demand as this type of 
development also attracted travels from other areas. However, combined with ubiquitous 
Infrastructure, now it is much easier to manage everyday life of residents without extra 
trip generation.   
 
Internationally Korea is showcasing and taking a lead role in building ubiquitous urban 
infrastructures as leverage tools for national and local economies and creating future 
urban growth engines for their residents (Yigitcanlar et al. 2008b). The Korea-led 
ubiquitous urban infrastructure concept, planning and design schemes and management 
policies are brand new and somewhat controversial in conventional urban and 
infrastructure planning circles but it is increasingly influential. The wave of ubiquitous 
infrastructures are already hit some Asian countries (i.e. Japan, Singapore, Hong Kong) 
and some North American and European countries are observing the developments 
closely (Talley 2000). The successful implementation of ubiquitous infrastructure 
systems in Korea and the development of ubiquitous cities will provide best practice 
cases for the other cities around the world. However, as the Korean examples reveal, 
moving towards a ubiquitous city is costly and requires much time and considerable 
public educational and skill development. Therefore, rather than solely observing its 
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development in Korea and Japan it might be wiser for other interested countries and cities 
to start developing their own initiatives in intelligent infrastructure systems provision 
while researching on how to best benefit from these technologies to provide improved 
quality of life and sustainable urban development and a bright future for their public.  
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Figure 1. Ubiquitous infrastructure framework (Lee et al. 2008a:156)  
 
 
Figure 2. Ubiquitous infrastructure initiatives of Korean cities (Kim 2007:223) 
